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In a sample of 301 men, aged 54-62 years, who were employed in the telephone 
industry In New Jersey, and who were followed prospectively from 1963/1964 to 
1984, 65 of 148 deaths were manifested by the abrupt occurrence of fatal 
ventricular arrhythmias. On multivariate analysis, the factors present at the initial 
examination that were significantly related to the subsequent occurrence of 
arrhythmic deaths were: abnormal patterns of QRS conduction; the level of blood 
pressure; the number of cigarettes currently being smoked; chronic myocardial 
Ischemla; chronic airway disease; and failure to engage in any exercise or heavy 
physical activity. Among 28 other potential risk factors representing myocardial 
disorders, ventricular dysrhythmias, other disorders of cardiac rate, rhythm, 
conduction, and repolarization, and non-cardiac risk factors (including cholesterol 
level, serum uric acid level, diabetes mellitus, alcohol intake, general arterioscie- 
rosis, other non-cardiac disease, and social, behavioral, and attitudinal variables), 
none significantly added to risk for arrhythmic death. The risk factors related to 
the subsequent occurrence of other deaths, manifested by the gradual develop- 
ment of circulatory failure, were significantly different from the risk factors related 
to arrhythmic deaths. 
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The problem of sudden deaths among US 
men is primarily a problem of the abrupt 
occurrence of fatal ventricular arrhythmias 
at a time when the integrity of the periph- 
eral circulation has been, up to that mo- 
ment, adequate to maintain the function of 
the brain and other organs (1, 2). Because 


Received for publication November 18, 1986, and 
in final form May 13, 1987. 

’ Division of Human Ecology, Department of Med- 
icine, Cornell University Medical College, New York, 
NY. 

* Department of Epidemiology and Biostatistics, 
Memorial Sloan-Kettering Cancer Center, New York, 
NY. 

Reprint requests to Dr. Lawrence E. Hinkle, Jr., 
Cornell University Medical College, 440 E. 69th 
Street, New York, NY 10021. 

This work has been supported by funds from the 


these deaths occur abruptly and often un- 
expectedly to people who are usually out of 
reach of immediate resuscitation, the ulti- 
mate solution to this problem must lie in 
the prevention of the arrhythmias. 
Although a great deal has been learned 
about the pathogenesis of sudden cardiac 
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deaths, the information available is still not 
adequate to indicate which combinations of 
the many factors that have been implicated 
are most important in causing the ultimate 
occurrence of the fatal arrhythmia. Most of 
the studies of the antecedents of sudden 
death have been based upon autopsies (3- 
11), upon retrospective information from 
people who have been resuscitated (10, 12- 
14), upon samples of patients (5, 8, 15-18), 
and upon community surveys (4, 6, 7, 11, 
13, 19), some of which have been prospec- 
tive. In these studies, the outcome variable 
“sudden death” has been defined in various 
ways, not all of which have been consistent 
with each other. The investigations that 
have included data on cardiac arrhythmias, 
have, in general, been based on samples of 
survivors of recent acute myocardial infarc- 
tions. Some of these have used inadequate 
samples of electrocardiographic complexes. 
Most of the investigations have dealt with 
only a small proportion of the many risk 
factors that are thought to be important, 
and few have investigated the interactions 
between these risk factors. 

In an effort to define more precisely the 
antecedents of sudden fatal arrhythmias, 
we have carried out a detailed 20-year pro- 
spective investigation of the natural history 
of arrhythmic deaths in 301 men. The im- 
portant features of this investigation have 
been its prospective nature; its focus upon 
a population group at high risk for sudden 
death (men initially aged 54-62 years); the 
use of a sample selected in a manner such 
that the findings can be extrapolated, with 
some caution, to the general body of US 
men of the same age; the use of repeated 
examinations at which information has 
been obtained relating to each of the major 
categories of variables that have been 
thought to contribute to the occurrence of 
sudden death; the extent of the electrocar- 
diographic data; the use of daily time budg- 
ets to quantify the behavior and activity of 
the participants; the intensive investiga- 
tion of all of the deaths regardless of their 
nature or cause; and an attempt to identify 
which of the large number of variables that 
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are known to be associated with the risk of 
arrhythmic death do significantly affect 
this risk, and how these variables interact. 

This report describes the relation be- 
tween the “risk factors” present at the ini- 
tial examination and the occurrence of ar- 
rhythmic deaths among the 301 men during 
the subsequent 20 years. 


MATERIALS AND METHODS 
The sample studied 


The sample was selected in a manner 
such that the findings could be extrapolated 
to a large segment of the general population 
of US men. Because the examinations of 
the men had to be detailed and complex, 
the sample had to be relatively small in 
size. In order to have an adequate number 
of outcome events, the sample was selected 
from a group in which the incidence of 
sudden death was high (men aged 54-62 
years), with the expectation that the par- 
ticipants would have to be followed for a 
long time. Because the follow-up period 
would have to be extended beyond the or- 
dinary time of retirement, the sample was 
obtained from a population of employed 
men who would receive a death benefit at 
the time of their deaths, so that the men 
and their surviving next-of-kin could be 
more readily located. 

The sample was obtained from an age 
cohort of men who were born between 1902 
and 1908, and who were employed in 1962 
in the telephone industry thoughout the 
state of New Jersey. We determined by 
survey that the death rate and attack rate 
for coronary heart disease, and the propor- 
tion of sudden deaths attributed to coro- 
nary heart disease among the 270,000 men 
in this industry nationwide, were similar to 
that among all contemporary US men (20), 
and we ascertained from records that the 
age-specific death rate for coronary heart 
disease among the 1,160 men in the cohort 
in New Jersey during the years from 1935 
to 1962 had been similar to that of all other 
US men (21). The sample for study was 
stratified to include equal numbers of work- 
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men, foremen, supervisors, and managers, 
and to include men of grammar school, high 
school, and college education (21). A total 
of 356 men were designated from the cohort 
randomly on the basis of the last digit of 
their social security numbers, invited to 
meetings in various parts of the state, and 
asked to volunteer. Of these men, 301 (84.6 
per cent) agreed to volunteer and partici- 
pated fully. 
Examinations 

Intake examinations were carried out at 
the New York Hospital/Cornell Medical 
Center from January 1963 to June 1964. 
The procedures included a comprehensive, 
questionnaire-guided, general medical his- 
tory and physical examination; 6-foot (1.83 
m) posteroanterior chest x-ray; 12-lead 
electrocardiogram; biochemical determina- 
tions of serum total cholesterol, serum uric 
acid, glucose tolerance, and serum triglyc- 
erides; hemogram and urinalysis; detailed 
assessment of smoking experience, alcohol 
intake, and daily time budgets; a battery of 
psychological tests designed to explore rel- 
evant indicators of the activity, behavior, 
and “hostility” components of Type A and 
Type B behavior patterns; and an eight- 
hour tape recording of the electrocardi- 
ogram, made under standard conditions of 
activity and food intake (22-25). 


The data collected 


An attempt was made to obtain data on 
all of the major factors thought to be asso- 
ciated with the risk of sudden death in US 
men between the ages of 50 and 80 years. 
Potential risk factors for this analysis were 
identified from the medical literature and 
from the experience of this study during 
the first 10 years. The information that 
could be obtained was constrained by the 
technologic limitations of non-invasive car- 
diovascular diagnostic procedures in the 
1960s when the studies began; by the cost 
of carrying out repeated comprehensive ex- 
aminations; and by the fact that some 
meaningful indicators of risk (e.g., high 
density lipoprotein-low density lipoprotein 
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ratios) had not been recognized at that 
time. 

Three categories of cardiac risk factors 
were originally selected as potentially rele- 
vant to determining that a cardiac death 
would be “sudden”: myocardial risk factors, 
ventricular dysrhythmias, and other disor- 
ders of heart rate, rhythm, conduction, and 
repolarization. 

Eight categories of non-cardiac risk fac- 
tors were selected also, as potentially rele- 
vant to the occurrence of heart disease or 
other conditions that might lead to “sudden 
cardiac death”: metabolic; vascular; intake; 
pulmonary; other diseases; social and de- 
mographic; behavioral; and indications of 
“impatience,” “pressure of time,” and 
“emotional tension.” The risk factors are 
listed in tables 1 and 2. 

Other variables that were studied were 
episodes of syncope, medications taken, 
and features of events that precipitated 
death. These variables are not included in 
this report. 

The methods by which the observational 
data pertaining to the risk factors were 
collected, the laboratory analyses, and the 
definitions and criteria used for their iden- 
tification and classification have been de- 
scribed in detail in other publications (22, 
27). 


Follow-up of the participants 


The men were followed for 20 years. At 
intervals throughout the observation 
period, participants were re-examined by 
us, and were followed with questionnaires 
and interviews and reports of examinations 
by private physicians and employers, and 
copies of electrocardiographic tracings and 
reports of diagnostic procedures were ob- 
tained. All deaths and major illnesses were 
investigated in detail, and a comprehensive 
follow-up of all of the survivors was carried 
out at the end of the observation period. 

The methods by which the deaths were 
investigated have been described in detail 
(27). The data obtained included copies of 
death certificates; interviews with next-of- 
kin, other witnesses, and attending physi- 
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TABLE 1 
Prevalence of cardiac risk factors as graded and categorized at initial examination of 301 randomly selected men, 
aged 54-62 years, in New Jersey, 1963-1964 


No. of men by category no. 


Risk factors* 
3 2 1 0 
Myocardial 
MI in past (clinical and/or ECG evidence){ ll 24 37.227 
Chronic ischemia (angina pectoris and/or ECG evidence)t 13 45 85 158 
LVH pattern on ECGt 0 4 45 245 
Cardiac dilatation (x-ray evidence) ft 1 5 10 283 
Myocardial failure (clinical evidence)} 4 297 
Ventricular dyarhythmias 
VPCs/1,000 complexes§ 26 56 95 lll 
Early cycle R-on-T VPCaf 16 274 
VPC pairs] 85 =. 24 
VPC “runs” (3 or more complexes) (“PVR”)§ 11 278 
“Q form” VPCs] 66 02-233 
Other disorders of rate, rhythm, conduction, or repolarization 
Heart rate during six hours of standard activity, mean + SD 84.46 + 12.48 
SPCs/1,000 complexes$ 18 20 178 10 
Disorders of supraventricular pacemaker | 24 264 
PR conduction? 2 14 11 274 
Duration of QRS complex** 7 10 77 207 
Abnormal patterns of QRS conductionft 7 9 31 254 
QRS axis, frontal planett 17 14 22 243 
QT corrected (Bazett)§§ (26) 2 9 290 


* Abbreviations: AVB, atrioventricular block; ECG, electrocardiogram; LVH, left ventricular hypertrophy; MI, myocardial 
infarction; PVR, paroxysmal! ventricular rhythm; SD, standard deviation; SPC, supraventricular premature complex; VPC, 
ventricular premature complex. 

Grading of variables: t Graded: “Definite,” 3; “probable,” 2; “possible,” 1; “none,” 0. ¢ Only “definite” evidence considered 
as positive. § Graded: =10/1,000, 3; 1-9.99/1,000, 2; <1/1,000, 1; none, 0. | Graded: “present,” 1; “not present,” 0. € Graded: 2:1 
AVB or higher grades, 3; 1° AVB, constant, 2; 1° AVB, transient, 1; no abnormality, 0. ** Graded: 20.12 second, constant, 3; 
0.10-0.11 second, constant, 2; 20.10 second, transient (on tape recording), 1; none, 0. tt Graded: left bundle branch block, peri- 
infarction block, or intraventricular block, 3; right bundle branch block, 2; 818283 or RSR’ in V1, 1; none, 0. ¢{ Graded: 120°- 


315°, 3; 106° or 330°, 2; 345° or 90°, 1; 0°-75°, 0. §§ Graded: =465 msec, 2; 440-464 msec, 1; 5439 msec, 0. 


cians; records of hospitals and physicians; 
medical examiners’ reports, reports of au- 
topsies, and reports of rescue squads. 


The outcome variables 


The fatal outcome variables were defined 
in terms that made it possible to determine 
whether or not they were probably initiated 
by acute ventricular arrhythmias (28). 

“Cardiac death” was considered to have 
occurred when the rhythmic contractions 
of the ventricles ceased and did not resume 
spontaneously. 

“Cardiac deaths” were considered to be 
of two kinds, “arrhythmic deaths” and 
“deaths in circulatory failure.” 

An “arrhythmic death” was considered 
to have occurred when the rhythmic con- 
tractions of the ventricles ceased abruptly 
at a time when the pumping action of the 


heart was adequate to maintain the periph- 
eral circulation. 

A “death in circulatory failure” was con- 
sidered to have occurred when the rhythmic 
contractions of the ventricles did not cease 
until after the peripheral circulation had 
collapsed. 

The criteria that were utilized for deter- 
mining whether a death was an arrhythmic 
death or a circulatory failure death have 
been described in detail elsewhere (27, 28). 

An “arrhythmic death” was considered 
to have occurred when a conscious person 
or a person who was sleeping and readily 
arousable was directly observed to lose con- 
sciousness suddenly and to collapse ab- 
ruptly and no evidence of a pulse or heart 
beat could be detected thereafter. 

When a death was not witnessed directly, 
but the circumstances of the death and the 
position, condition, and evident activities 
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TABLE 2 
Prevalence of non-cardiac risk factors as graded and categorized at the initial examination of 301 randomly 
selected men, aged 54-62 years, New Jersey, 1963-1964 


No. of men by category no. 


Risk factors 
4 3 2 1 0 
Metabolic 
Body build (ponderal index)* 61 209 30 
Glucose tolerancet 11 14 276 
Clinical gout} 11 290 
Serum uric acid (mg/dl) (mean + SD) 5.69 + 1.74 
Serum cholesterol (mg/dl) (mean + SD) 243.4 + 38.1 
Vascular 
Arteriosclerosis other than coronary arteriosclerosis§ 10 25 266 
Blood pressure 
Systolic (mmHg) (mean + SD) 145.0 + 20.2 
Diastolic (mmHg) (mean + SD) 88.0 + 12.0 
By category! 102 78 121 
Intake 
Cigarettes/day now smoked? 25 78 20 178 
No. of pack-years ever smoked** 171 44 86 
No. of alcoholic drinks/day nowtt 14 43 219 25 
Drinking problem now or in past¢} 12 289 
Airway disease$§ 2 47 56 196 
Other non-cardiac diseases|] | 15 36 166 a4 
Social and demographic 
Age (years) at intake (mean + SD) 57.9 + 1.9 
Education§4§ 9 81 118 93 
Occupational level*** 79 46 86 90 
Activities and behavior 
Average hours of aleep/day (mean + SD) 7.77 + 0.71 
Average hours of exercise/day (mean + SD) 0.61 + 0.59 
Men with any erercisettt 162 138 
abe work before breakfast/day (minutes) (for men with such work) (mean + 20.00 + 14.42 
Men with any such workttt 10 
Travel time to work (minutea) (mean + SD) 35.8 + 15.3 
Purposeful activity, not for pleasure (“work”) /average working day (hours) (mean + 9.95 + 0.85 
SD) . 3 
Time starting work, working dayt}} 88 77 135 
Time quitting work§8% 6 84 204 
Attitudes and reactions 
Have time to eat breakfast} | | 11 18 263 
Feel pressed for time on way to workT'1 11 16 56 217 
Annoyed by delays on way to work491 14 6 59 220 
Feel pressure of time at work**** 35 53 159 41 10 
Feel pressure of outside activities**** 8 4 80 157 23 
Feel emotional tension at worktttt 25 71 154 49 
Feel emotional tension at hometttt 6 29 147 115 
Feel fatigue at end of dayt}t} 1 10 137 140 8 


Grading of variables: * Graded: 511.9 (heavy), 2; 12.0-12.9 (medium), 1; 213.0 (slim), 0. t Graded: clinical diabetes, 2; 
impeired glucose tolerance, 1; no impairment, 0. ¢ Graded: present, 1; absent, 0. § Graded: claudication, stroke, aneurysm or 
arterial occlusion, 2; calcification of aorta on x-ray, 1; no evidence, 0. | Graded: “definite hypertension,” blood pressure, systolic 
2160 mmHg, diastolic =95 mmHg, either or both, 2; “borderline hypertension,” blood preasure, systolic 140-159 mmHg, 
diastolic 90-94 mmHg, either or both, 1; “normotension,” blood pressure 3139/89 mmHg, 0. 1 Graded: =40/day, 3; 20-39/day, 
2; 1-19/day, 1; none, 0. ** Graded: 220, 2; 1-19, 1; never smoked cigarettes, 0. tt Graded: 25/day, 3; 3-4/day, 2; 1-2/day, 1; 
none, 0. ¢¢ Graded: yes, 1; no, 0. §§ Graded: severe airway disease, 3; chronic obstructive pulmonary disease, 2; chronic 
bronchitis, 1; none, 0. §| Graded by estimated probability of causing death, as =10%, 3; 1-9%, 2; <1%, 1; essentially none, 0. 
19 Graded: <8th grade, 3; 8th grade, 2; high schoo) graduate, 1; college graduate, 0. *** Graded: workman, 3; first level supervisor 
(foreman), 2; second level supervisor, 1; manager or executive, 0. ttt Graded: any purposeful physical exercise or heavy activity, 
1; none, 0. $}} Graded: 0700-0815 AM, 2; 0830-0845 AM, 1; 0900 AM or later, 0. 8§§ Graded in relation to regular quitting 
time as: 21 hour later, 2; up to 1 hour, 1; at or before regular time, 0. JJ | Graded: no time, 2; must eat on the run, 1; adequate 
time, 0. 199 Graded: most of time, 3; more than half of time, 2; less than half of time, 1; almost never, 0. **** Graded: more 
than I can do, 4; must keep going constantly, 3; must work steadily but can rest, 2; plenty of time, 1; time left over, 0. 
tttt Graded: “great deal,” 3; “usually some,” 2; “occasionally some,” 1; “rarely any,” 0. $¢¢4 Graded: completely fatigued, 4; 
very tired, 3; tired, 2; slightly tired, 1; no fatigue, 0. 
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of the decedent indicated strongly that he 
must have been conscious and have col- 
lapsed abruptly, such a death was consid- 
ered to be a “probable arrhythmic death.” 

A “death in circulatory failure” was con- 
sidered to have occurred when a person 
under observation lost consciousness grad- 
ually (although sometimes rapidly) in a set- 
ting of increasing circulatory impairment, 
and when evidence of pulse and heartbeat 
did not disappear until after the person was 
unconscious and the blood pressure was not 
obtainable. 

If such a death was not directly observed, 
but the prior condition of the decedent, the 
circumstances of the death, and the posi- 
tion and condition of the body strongly 
indicated that the death had been “in cir- 
culatory failure,” it was considered to have 
been a “probable” circulatory failure death. 

The moment of death was witnessed di- 
rectly and witness’ descriptions were ob- 
tained in 121 cases; in 27 cases, descriptions 
of the moment of death were not obtained. 
In 16 of these cases, the condition of the 
subject within one hour prior to death was 
ascertained, and in eight cases, the condi- 
tion within 12 hours prior to death was 
ascertained; in all of these cases, the cir- 
cumstances of death and the condition of 
the body when discovered were also ascer- 
tained. These 24 cases were classified on a 
“probable” basis, 15 as probable arrhythmic 
deaths and nine as probable deaths in cir- 
culatory failure. In three cases, the data 
obtained were not sufficient for classifica- 
tion. 

In cases of abrupt collapse with cessation 
of the pulse, when resuscitators reported 
that they found the heart to be in “ventric- 
ular fibrillation” or “asystole,” and, after 
electrical defibrillation, succeeded in re- 
storing the cardiac rhythm, the participant 
was considered, for the purposes of this 
research, to have experienced a “fatal ar- 
rhythmia” at this time. This policy was 
adopted because this research has been 
concerned with the conditions and circum- 
stances under which fatal cardiac arrhyth- 
mias have occurred, and because the avail- 
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able information indicates that the initial 
arrhythmia would have been fatal in almost 
all of the cases had electrical resuscitation 
not been carried out. 

In this report, three outcome variables 
are considered: arrhythmic deaths, deaths 
in circulatory failure, and all deaths. 


Statistical procedures 


Criteria adopted from the medical liter- 
ature or developed by us were used to grade 
or rank the data for each risk factor accord- 
ing to the dimension apparently most per- 
tinent to the outcome (22). If evidence of a 
risk factor was definitely identifiable but 
was not always present, it was treated as a 
dichotomous variable, and, for analytic 
purposes, was coded “present” (code 1) or 
“not present” (code 0). If a risk factor was 
present in all cases but variable in some 
dimension, such as “frequency” or “sever- 
ity,” or if evidence for a risk factor met the 
established criteria to a variable degree, the 
observational data were ranked or graded 
and coded according to the relevant dimen- 
sion (for example, myocardial infarction, 
“definite” (code 3), “probable” (code 2), 
“possible” (code 1), or “no evidence” (code 
0)). Continuous data or specific cut-off 
points were used for measurement data, 
and were transformed for variables with 
highly skewed distributions in the study 
population (e.g., log ventricular premature 
complex frequency). 

When the observational data relating to 
some of the “risk factors” (such as myocar- 
dial infarction or myocardial ischemia) 
came from more than one source (clinical 
history, electrocardiogram, electrocardi- 
ographic tape recordings), or when data 
relating to a variable could be considered 
in two or more formats (e.g., cigarette 
smoking as number of cigarettes per day 
now being smoked, or as pack-years ever 
smoked), each source or format was tested 
for its relation to survival. The combina- 
tions of observational variables that were 
selected for inclusion in the analyses, and 
their grading and coding, are indicated in 
tables 1 and 2. 
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All of the selected variables in tables 1 
and 2 were initially tested against the three 
outcomes using univariate Cox regression 
(29) to determine their significance as sin- 
gle predictors of survival time from the 
initial examination. Arrhythmic death and 
circulatory failure death were treated as 
competing risks (30). When estimating the 
cause-specific hazard function and regres- 
sion coefficients for arrhythmic death, cir- 
culatory failure deaths were treated as cen- 
sored, along with men alive at the 20-year 
follow-up, and then vice versa. Men whose 
deaths were unclassifiable were included in 
the analyses for all deaths. These results 
are shown in table 3. 

Computations were done using the 
BMDP program P2L (31). Variables signif- 
icant at p < 0.10 using the score test were 
submitted to stepwise Cox regression with 
a p < 0.05 inclusion criterion to determine 
multivariate risk functions for each out- 
come. This procedure tested the statistical 
significance of each variable, adjusting for 
other risk factors with which it might be 
correlated, in order to produce a more par- 
simonious model. Final models were calcu- 
lated using the more accurate maximum 
partial likelihood ratio method. Multiplic- 
ative mean-adjusted second-order interac- 
tion terms were tested for all significant 
main effects. 

Some variables originally recorded as 
continuous or graded were later dichoto- 
mized. For example, since approximately 
half of the men had no exercise at all, and 
since no gradient of risk was found with 
the actual average daily number of hours of 
exercise in the remaining half of the sam- 
ple, exercise was analyzed as “any” (code 
0) versus “none” (code 1). The small num- 
ber of missing data items among variables 
included in the final models were approxi- 
mated from other variables with which they 
were highly correlated in order to include 
all 301 men in the analysis. This had a 
negligible effect on significance levels or 
regression coefficient estimates. 

The predictability of arrhythmic death 
as a distinct type of death independent of 
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length of survival was investigated by step- 
wise logistic regression with arrhythmic 
death (code 1) versus circulatory failure 
death (code 0) as the dependent variable, 
using the maximum likelihood ratio 
method of BMDP program PLR (32). Any 
variable significant in the arrhythmic 
death, circulatory failure death, or total 
death Cox regression models was consid- 
ered in the logistic model. 


RESULTS 
Deaths observed 


The vital status of all 301 participants 
and that of 54 of 55 non-participants were 
determined after 20 years of observation 
from age 54-62 years to age 74-82 years. 
The 301 participants experienced 148 
deaths; 65 of these deaths were classified 
as “arrhythmic” and 80 as “in circulatory 
failure”; three were considered “unclassifi- 
able.” The death rate was slightly higher 
among the 55 non-participants, whose 
death certificates suggested that they had 
relatively more circulatory failure deaths 
than the participants. 

Among the 301 participants, 93 per cent 
of the sudden deaths within one hour and 
72 per cent of the out-of-hospital deaths 
were classed as arrhythmic deaths (27); 56 
per cent of the arrhythmic deaths were 
“sudden deaths” and the remaining 44 per 
cent terminated acute illnesses that had 
lasted more than one hour, and therefore 
were not technically “sudden deaths.” Ar- 
rhythmic deaths were the terminal event of 
64 of 74 cases in which the primary cause 
of death was considered to be heart disease. 
The primary cause of death of 70 of 80 
circulatory failure deaths was considered to 
be a condition other than heart disease. 


Prevalence of the risk factors 


The prevalence of ischemic heart disease 
in this sample, as manifested by evidence 
of chronic ischemia or past myocardial in- 
farction, was comparable with the preva- 
lence reported (22) for contemporary men 
of similar age. However, in this random 
sample of employed men, most of the car- 
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diac risk factors that have been found to be 
significant predictors of sudden death 
within 1-2 years in samples of persons who 
have experienced recent myocardial infarc- 
tions were represented by relatively few 
cases. There were only 35 men with definite 
or probable evidence of previous myocar- 
dial infarction. There were 49 men with left 
ventricular hypertrophy patterns on their 
electrocardiogram, but only four of these 
patterns included the ST and T wave ab- 
normalities that have made left ventricular 
hypertrophy patterns significant indicators 
of risk of arrhythmic death in other studies 
(33). There were four men with definite 
evidence of present or past myocardial fail- 
ure, 26 with very frequent ventricular pre- 
mature complexes, 11 with ventricular pre- 
mature complex “runs” (paroxysmal ven- 
tricular rhythm), and 16 with a QRS time 
20.10 second and abnormal QRS patterns. 

Non-cardiac risk factors were relatively 
more prevalent (table 2). Diabetes mellitus, 
clinical gout, the mean level of serum cho- 
lesterol, the frequency of cigarette smoking, 
and the intake of alcoholic drinks, all were 
within the range reported for US men of 
the age of these men in the early 1960s (22). 
The prevalences of systolic blood pressure 
of =160 mmHg (25 per cent) and systolic 
blood pressure 140-159 mmHg (30 per 
cent) were similar to those reported for 
contemporary men of similar age (22). 
Since most of the men in this sample had 
regarded themselves as healthy prior to 
their selection for participation in this 
study, many had not been examined by 
physicians for a number of years. Of those 
who were found to have blood pressure 
=140/90 mmHg at the initial examination, 
65.5 per cent gave no history of having 
hypertension; 87.2 per cent of the men who 
were discovered to have hypertension at the 
initial examination continued to have ele- 
vated blood pressure at subsequent exami- 
nations. 


Univariate survival analyses 


On univariate analysis, the cardiac risk 
factors significantly associated with subse- 
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quent arrhythmic death were among those 
that have been identified by other studies 
as being significant: myocardial disorders, 
ventricular dysrhythmias, and conduction 
defects (table 3). The most significant myo- 
cardial risk factor was chronic ischemia. 
Early cycle R-on-T ventricular premature 
complexes were the most significant of the 
ventricular dysrhythmias, but the fre- 
quency of ventricular premature complexes 
and the presence of pairs and of Q forms 
(25) were also significant. All of the QRS 
patterns that were manifested by con- 
stantly prolonged QRS conduction (=0.10 
second) were significant; but the patterns 
of left bundle branch block peri-infarction 
block, “non-specific intraventricular 
block,” which occurred most frequently in 
association with events of ischemic or hy- 
pertensive heart disease, were more closely 
associated with subsequent arrhythmic 
death than was right bundle branch block, 
which was sometimes not associated with 
any other evidence of heart disease. The 
patterns of S1S2S3 and RSR’ in V1, which 
were usually not accompanied by prolonged 
QRS conduction, were not significantly as- 
sociated with arrhythmic death, and were 
most often associated with evidence sug- 
gesting the presence of pulmonary heart 
disease 


Several of the cardiac risk factors, in- 
cluding past myocardial infarction, runs of 
ventricular premature complexes, Q-form 
ventricular premature complexes, abnor- 
mal patterns of QRS conduction and left 
or right deviation of the QRS axis, were 
significantly associated with the occurrence 
of death in circulatory failure. This finding 
can be attributed to the fact that 39 of the 
80 men who experienced circulatory failure 
deaths had definite or probable evidence of 
heart disease at the first examination, even 
though heart disease was the primary cause 
of circulatory failure death in only 10 of the 
80 cases. Chronic myocardial ischemia, 
which was the most significant myocardial 
risk factor for arrhythmic death, was neg- 
atively associated with the subsequent oc- 
currence of death in circulatory failure. 
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TABLE 3 
Risk factors observed at initial examinations of 301 randomly selected men, aged 54-62 years, in New dersey, 
and significantly associated with the occurrence of arrhythmic death, circulatory failure death, or any death in 
20 years, based on the Score Test in the univariate Cox model 


Risk factors* 


Cardiac 
Myocardial 

MI in past (grade 3)¢ 

Chronic ischemia 

Dilatation 

Myocardial failure (grade 3) 


Ventricular dysrhythmias 
Log VPC frequency 
Early-cycle R-on-T VPCs 


Other disorders of rate, rhythm, conduction, or repolarization 
QRS duration 
QRS pattern (grade 3) 
QRS axis, frontal plane 
Repolarization prolonged 


Non-cardiac 

Metabolic 
Glucose tolerance 
Serum uric acid 

Vascular 
Arteriosclerosis other than coronary 
Systolic blood pressure 
Diastolic blood pressure 
Hypertension by category 


Intake variables 
Cigarettes/day now smoking 
Pack-years ever smoked 
Alcoholic drinks =5/day 
Airway disease (grade 3 or 2) 
Potentially life-threatening non-cardiac diseases (=10% risk) 
Social and demographic 
Age at intake 
Years of education 
Occupational level 
Activities and behavior: no exercise or heavy physical activity 


Attitudes and behavior: feel pressure of time at work 


p value 
Variable 
typet Arrhythmic  Civeulatory All 
death death deaths 

D 0.003 0.039 0.0004 
G 0.0002 —0.058§ NSi 
G 0.016 NS 0.026 
D 0.028 NS 0.042 
c 0.016 NS 0.048 
D 0.0008 NS 0.080 
D NS 0.058 0.032 
D 0.067 NS NS 
D 0.034 0.068 0.005 
c 0.0007 NS 0.007 
D —-<0.0000 0.005 <0.0001 
G NS 0.011 0.034 
D 0.006 NS 0.044 
G NS 0.0004 0.002 
c 0.013 NS 0.072 
G 0.004 NS NS 
C  —-<0.0001 NS 0.001 
C 0.0006 NS 0.028 
G 0.0004 NS 0.010 
C —<0.0001—(0.025 0.0001 
C 0.0002 —0.088 0.0001 
D 0.014 NS 0.007 
D 0.024 NS 0.037 
D 0.013 0.005 0.0002 
c 0.042 NS NS 
C 0.003 0.0158 0.00028 
G NS 0.007 0.0158 
D 0.0009 NS 0.002 
G NS 0.0275 NS 


Note: risk factors not listed were not significantly associated with any outcome. 
* Abbreviations: MI, myocardial infarction; PVR, paroxysmal ventricular rhythm; VPC, ventricular premature complex. 


+ D, dichotomous; G, graded; C, continuous. 
t For grading of variables, see tables 1 and 2. 
§ Negative association. 

I NS, not significant. 


The level of systolic blood pressure and 
the number of cigarettes/day now smoked 
were the most highly significant non-car- 
diac risk factors for arrhythmic death on 


the univariate analyses. Others were no 
exercise, low level of education, evidence of 
arteriosclerosis of vessels other than the 
coronary vessels, the presence of life- 
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threatening non-cardiac diseases, high lev- 
els of serum uric acid, high alcohol intake, 
airway disease, and age, in that order. 

There was a significant negative associ- 
ation between years of education and ar- 
thythmic death. 

The non-cardiac risk factors most signif- 
icantly associated with circulatory failure 
death were impaired glucose tolerance, cig- 
arette smoking, and life-threatening non- 
cardiac diseases. Two social variables 
(years of education and occupational level), 
and one attitudinal variable (feeling pres- 
sure of time at work) were negatively as- 
sociated with risk of circulatory failure 
death. No other social, behavioral, or atti- 
tudinal variables, except for absence of 
physical exercise, were significantly asso- 
ciated with either arrhythmic death or cir- 
culatory failure death. 

All of the risk factors that were signifi- 
cant for total deaths were significant for 
arrhythmic death, circulatory failure death, 
or both. 


Multivariate survival analyses 


The models provided by the Cox regres- 
sion are shown in table 4. The most signif- 
icant risk factors for arrhythmic death were 
the QRS patterns of left bundle branch 
block, peri-infarction block, and non- 
specific intraventricular block; the level of 
systolic blood pressure; and the number of 
cigarettes now smoked. The absence of any 
exercise, chronic myocardial ischemia, the 
severe grades of airway disease, and age at 
the initial examination also entered the 
model at less significant levels. Three vari- 
ables, diabetes mellitus, life-threatening 
non-cardiac disease, and marked left or 
right axis deviation on the electrocardi- 
Ogram were positively associated with the 
risk of circulatory failure death; and two 
variables, level of occupation and felt pres- 
sure of time at work, were negatively asso- 
ciated with circulatory failure death. The 
first four variables in the model for all 
deaths were the same as those in the model 
for arrhythmic death. Diabetes mellitus 
and clinical gout also entered this model, 
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as did occupational level, as a negative in- 
dicator. 

The mean-adjusted cross-product terms 
in the stepwise Cox regression were used to 
test for interactions between variables. 
There were no significant interactions be- 
tween main effects in either the arrhythmic 
death or the circulatory failure death 
model. In the total deaths model, a signifi- 
cant interaction was observed between 
blood pressure and glucose tolerance and 
between blood pressure and occupational 
level, leading to a steeper gradient of risk 
of total deaths with blood pressure among 
men with diabetes and a steeper gradient 
for total deaths with blood pressure among 
men in the two lowest levels of employ- 
ment. 


Predicting the type of death 


When all 14 variables significant for any 
of the Cox models were entered into a step- 
wise logistic regression to predict the type 
of death, as arrhythmic death (coded 1) 
versus death in circulatory failure (coded 
0), ischemia, systolic blood pressure, no 
exercise, and occupational level were sig- 
nificant (table 5). The model accurately 
predicted the way that men would die based 
on the data from the initial examination 
independently of when during the next 20 
years the death occurred. Among the men 
who died, only one of the 18 whose esti- 
mated probability of arrhythmic death was 
less than 0.20 actually died in that manner, 
whereas seven of the nine men whose esti- 
mated probability of arrhythmic death was 
greater than 0.80 did experience ar- 
rhythmic deaths. The global chi-square of 
27.61 with four degrees of freedom was 
highly significant (p < 0.0001). 


DISCUSSION 


Disorders of intracardiac conduction, 
which have been recognized for many years 
as a potential risk factor for sudden death 
(34) and were found by the present authors 
(24) and in the Framingham Heart Study 
(33) to be a risk factor for sudden cardiac 
death in prospective investigations, ap- 
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TABLE 5 
Logistic regression model for arrhythmic death versus 
circulatory failure death, based on data obtained from 
the initial examination of 301 randomly selected, 


employed men from New Jersey, aged 54-62 years, 
1963-1964, and subsequent 20-year follow-up 


Variable Coefficient p value 

Systolic blood pressuret 0.260 0.007 
No exercise 0.932 0.011 
Ischemia, graded 0.557 0.004 
Occupation 0.326 0.029 
Constant —5.057 

Global chi-square (4 df) 27.6* 

* p< 0.0001. 

t Per 10 mmHg. 


} df, degrees of freedom. 


peared in this sample as the most signifi- 
cant risk factor for arrhythmic death. In 
data from the initial examination, they had 
a higher specificity for arrhythmic death 
than any other risk factor studied. Six out 
of seven men who had patterns of left bun- 
dle branch block, peri-infarction block, or 
intraventricular block experienced ar- 
rhythmic death within the first six years of 
observation. The seventh man, who had a 
peri-infarction block, developed an acute 
myocardial infarction and survived long 
enough to be admitted to a coronary care 
unit, where he received vigorous anti-ar- 
rhythmic therapy and died in circulatory 
failure. In another phase of these investi- 
gations, we have found that, among the 
men who had or developed disorders of 
intracardiac conduction during the 20-year 
observation period, 24 of 37 with QRS times 
20.10 second, seven out of 18 men with 
patterns showing right bundle branch 
block, 17 out of 25 men with patterns show- 
ing left bundle branch block, peri- 
infarction block, or intraventricular block 
patterns, and four out of four men with 
patterns showing 2:1 atrioventricular block, 
all died arrhythmic deaths (Hinkle et al., 
unpublished data). 

The special feature of the conduction 
defects was their high level of specificity 
for arrhythmic death within six years, de- 
spite a low level of sensitivity. By compar- 
ison, the ventricular dysrhythmias, as a 


group, had a lower level of specificity, and 
an even lower level of sensitivity. Only 
eight of 16 men with early cycle R-on-T 
ventricular premature complexes, nine of 
26 with =10/1,000 complexes, and four of 
11 with short runs of three or more ventric- 
ular complexes (paroxysmal ventricular 
rhythms) experienced arrhythmic deaths 
within 20 years. Ventricular dysrhythmias 
did not appear in the final models. 

The level of systolic blood pressure, the 
second variable in the arrhythmic death 
model, was a more sensitive indicator for 
arrhythmic death than any other variable 
studied. Seventy-five men with systolic 
blood pressures =160 mmHg at the initial 
examination accounted for 26 of 65 ar- 
rhythmic deaths: and 89 men with systolic 
blood pressure 140-159 mmHg accounted 
for 24 such deaths, while 137 men with 
systolic blood pressures <139 mmHg ac- 
counted for only 15 arrhythmic deaths. 
There was no gradient of risk for circula- 
tory failure death in relation to blood pres- 
sure. 

The number of cigarettes smoked at the 
time of the initial examination, which was 
the third variable in the arrhythmic death 
model, was the second most sensitive indi- 
cator of arrhythmic death. A total of 123 
men who then smoked cigarettes accounted 
for 33 arrhythmic deaths, and 25 men who 
then smoked 40 or more cigarettes per day 
accounted for 12 arrhythmic deaths. 

“Exercise,” the fourth variable in the ar- 
rhythmic death model, was, for these men 
aged 54-62 years, usually an activity no 
more vigorous than walking or playing golf. 
Rarely, it was tennis or bowling. “Heavy 
activity” was for them usually an activity 
such as climbing a utility pole or digging in 
a garden. The average duration of all of 
these activities was less than one hour per 
day per man. Nevertheless, the men who 
had any such exercise or “heavy activity” 
had significantly fewer arrhythmic deaths 
than the men who had none. This remained 
true even when all men with any clinically 
evident chronic disease that might prevent 
them from exercising, including previous 
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myocardial infarctions, angina pectoris, 
congestive heart failure, chronic obstruc- 
tive pulmonary disease, claudication, or any 
symptomatic life-threatening disease, were 
removed from the calculations (p < 0.05). 
Whether exercise in this group of men dur- 
ing and after the initial examination did 
actually have a protective effect against 
arrhythmic death or whether it simply in- 
dicated a greater state of well-being and 
vigor in those who exercised, is not clear 
from these data; but exercise as an indica- 
tor of lower risk of arrhythmic death was 
clearly significant. There was, by contrast, 
no change in risk of circulatory failure 
death with exercise. 

“Definite” or “probable” evidence of 
chronic myocardial ischemia, which, with 
previous myocardial infarction, was present 
at the last examination prior to death in 55 
of 65 arrhythmic deaths, and was one of 
the most characteristic features of ar- 
rhythmic deaths at that time, appeared as 
only the fifth variable in the arrhythmic 
death model. Fifty-eight men with definite 
or probable ischemia at the initial exami- 
nation accounted for only 20 of 65 ar- 
rhythmic deaths. This finding is attribut- 
able to the fact that most of the cases of 
acute or chronic ischemia that preceded 
arrhythmic deaths developed after the ini- 
tial examination, occurring as “new events” 
during the 20-year observation period. 

The appearance of the higher grades of 
airway disease in the model for arrhythmic 
death reflected their high prevalence (49 
cases) at the initial examination of these 
men, many of whom were long-time ciga- 
rette smokers, and the propensity of men 
in this sample with severe airway disease 
for experiencing sudden arrhythmic deaths. 

Even though the age range for the men 
in the sample (54-62 years) was only eight 
years at the initial examination, age at the 
time of this examination appeared as a 
significant variable in the model for ar- 
rhythmic death. 

The arrhythmic deaths were a relatively 
homogeneous group in relation to the 
conditions that primarily caused their 
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deaths. All but three of them had heart 
disease prior to death, and 61 of 65 had 
combinations of ischemic heart disease, hy- 
pertensive heart disease, and evidence of 
pulmonary heart disease. The deaths in 
circulatory failure, by contrast, were a het- 
erogeneous group. Forty-three died primar- 
ily because of neoplasms, 11 because of vas- 
cular disease, 16 because of other chronic 
diseases, and only 10 primarily because of 
heart disease (27). The risk factors identi- 
fied by the model for circulatory death re- 
flected the lack of homogeneity in the 
group. Diabetes mellitus, life-threatening 
non-cardiac disease, and marked right or 
left deviation of the QRS axis on the elec- 
trocardiogram appeared as positive risk fac- 
tors for circulatory failure death. The pres- 
ence of the electrocardiographic variable 
reflected the fact that, in addition to the 10 
men with heart disease who experienced 
deaths in circulatory failure, there were 38 
others in the group who had significant 
evidence of heart disease, even though some 
other condition was the primary cause of 
death. Evidence of ischemic heart disease 
and of hypertensive heart disease was more 
prevalent among the men who experienced 
circulatory failure deaths than among the 
survivors. 

The presence of occupational level as a 
risk factor negatively associated with cir- 
culatory failure death reflects the fact that, 
in this sample, as in the industrial popula- 
tion from which it was drawn (20), and also 
in the US population as a whole, death rates 
decline as the level of income and education 
rises. In this sample, the men in the higher 
occupational categories had higher levels of 
education as well as income, and a signifi- 
cantly lower rate of death, especially for 
circulatory failure death. 

The significant negative association be- 
tween feelings of pressure of time at work 
and the occurrence of circulatory failure 
death appeared to be situational rather 
than causal. A number of the upper level 
managers and executives, who stated that 
they were pressed for time and had more 
work than they could accomplish, were men 
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with overall good health and few subse- 
quent circulatory failure deaths, while a 
number of the men at the lowest levels of 
employment who were chronically ill and 
who subsequently experienced a high fre- 
quency of circulatory failure deaths, said 
they felt little pressure on their time. 

Other behavioral and attitudinal vari- 
ables, which had been designed to investi- 
gate patterns of excessive and unremitting 
purposeful activity not for pleasure 
(“work”), feelings of impatience and pres- 
sure of time, and feelings of fatigue, all of 
which have been related to subsequent 
myocardial infarction (34), did not reveal 
any significant or convincing evidence of 
an association between these and subse- 
quent arrhythmic death or circulatory fail- 
ure death. 

In evaluating the results of these anal- 
yses, one must consider that the “risk fac- 
tors” that were studied were selected ini- 
tially because of evidence indicating that 
they were risk factors for sudden cardiac 
deaths and for the kinds of heart disease— 
chiefly arteriosclerotic and hypertensive 
heart disease—that appear to be the under- 
lying antecedents of most of the sudden 
cardiac deaths that occur among US men. 
“Death in circulatory failure,” as we have 
defined it, was not a phenomenon that was 
being investigated specifically from an ep- 
idemiologic point of view at the time that 
these studies began. The risk factors se- 
lected for study, therefore, did not include 
any cardiac risk factors for circulatory fail- 
ure death that were believed to be specifi- 
cally related to death in circulatory failure 
in the same sense that ventricular dys- 
rhythmias or disorders of cardiac conduc- 
tion were believed to be related to sudden 
cardiac deaths. The non-cardiac risk fac- 
tors did, however, include a number that 
are known to be antecedents of non-cardiac 
diseases, such as neoplasms, vascular dis- 
ease, liver disease, and pulmonary disease, 
which were major causes of circulatory fail- 
ure deaths. These risk factors included cig- 
arette smoking, arteriosclerosis of vessels 
other than the coronary arteries, blood 
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pressure, diabetes mellitus, alcohol intake, 
airway disease, and age. However, smoking, 
blood pressure, airway disease, and age 
were more strongly related to arrhythmic 
death than to circulatory failure death. 
Only diabetes mellitus was more strongly 
related to circulatory failure death than to 
arrhythmic death. The other variables that 
were related to both kinds of deaths were 
not discriminating. 

The risk factors that were studied have 
provided an informative and valuable 
model of the risk of arrhythmic death 
within 20 years. Since 91 per cent of the 
sudden cardiac deaths in the sample were 
arrhythmic deaths, it is reasonable that the 
analyses should have turned out this way. 
It is also not unexpected that the model for 
circulatory failure death, while statistically 
significant, did not appear to be highly 
definitive; and it is understandable that the 
majority of the variables that appear in the 
model for all deaths are also in the model 
for arrhythmic deaths, which accounted for 
a substantial proportion of all deaths. What 
is probably most important about these 
models is the extent to which the model for 
arrhythmic deaths identifies a small num- 
ber of risk factors that are highly predictive 
of the outcome arrhythmic death over a 
period of 20 years and are distinct from the 
risk factors for circulatory failure death. 

This has been an analysis of the factors 
that were associated with the risk of ar- 
rhythmic death over a span of 20 years, 
based on a single set of observations at one 
point in time. The cardiac risk factors that 
ourselves and others have found to be pre- 
dictive of sudden death over a span of 2-5 
years—ischemia, previous myocardial in- 
farction, myocardial failure, left ventricular 
hypertrophy patterns, ventricular dys- 
rhythmias, and disorders of conduction— 
were not highly prevalent in this random 
sample of men at the first examination, 
because most of the men who would expe- 
rience arrhythmic death had not yet devel- 
oped clinical evidence of heart disease at 
the time of this examination. The cardiac 
risk factors, though highly specific for ar- 
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rhythmic death in many cases, were not 
sensitive indicators of future arrhythmic 
deaths 10-20 years before the event. The 
Cox model identified, instead, the highly 
prevalent non-cardiac risk factors of hyper- 
tension and cigarette smoking as the most 
sensitive indicators of the men who would, 
in the next 20 years, develop the cardiac 
conditions that led to arrhythmic death. 

It is of interest to consider that the men 
in this sample were selected from an age 
cohort of employed men who were in their 
late fifties in 1962, and that these men 
shared the “risk factors” of their contem- 
poraries. They had not altered their diet, 
their smoking, or their daily activities, as 
later, younger, and better educated Ameri- 
cans appear to have done since that time. 
Awareness of the importance of the recog- 
nition and treatment of hypertension, as 
well as the availability of efficacious medi- 
cations, was just beginning to enter into 
the medical practice of the physicians who 
then cared for them. The mean serum cho- 
lesterol level of the men in the sample, the 
prevalence of diabetes, gout, and hyperten- 
sion—including untreated hypertension— 
and the proportion of the men who still 
smoked cigarettes were not significantly 
different from those of contemporary men 
of similar age, although they were different 
to some degree. However, there is no im- 
portant reason to doubt that the significant 
risk factors for arrhythmic death that were 
found in this sample are still the significant 
risk factors in contemporary men. Since 
elevated blood pressure and cigarette smok- 
ing are potentially alterable conditions, and 
their elimination might reduce the risk of 
death, even in men of the same age as these 
men, this observation has some signifi- 
cance. 
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